This retrospective study compares pre and post-amputation mobility and the influence of age and associated medical problems.
Introduction
The majority of amputations performed in the United States are a result of vascular disease or diabetes mellitus or both. Amputation surgery not only removes the pathology but also reconstructs the limb, to allow for prosthetic fitting and subsequent ambulation. Often the All correspondence to be addressed to Frank Gottschalk, M.D., Department of Orthopaedic Surgery, 5323 Harry Hines Blvd., Dallas, TX 75235-8883. USA. 159 medical problem that leads to amputation may influence past-amputation mobility, morbidity and patient mortality. Medical problems unrelated to the cause of amputation may influence mobility and ambulation. Awareness of those conditions which affect patient mobility, are important in the evaluation of the patient's potential ability to use a prosthesis.
The purpose of this retrospective study is to evaluate pre-amputation and post-amputation mobility in unilateral trans-tibial amputees and its association with age and the presence of medical problems. Although several studies have evaluated amputee mobility, most of these have looked at the level of amputation, with no correlation to the concomitant medical problems (Brodzka et al., 1990; Durance et af., 1989; Pohjolainen et al., 1990, Siriwardena and Bertrand, 1991; Steinberg et al., 1985) . It has been shown that the more distal the amputation, the greater the likelihood of the patient being a prosthetic user.
Methods
Data was collected retrospectively from the charts of 120 male patients who underwent unilateral trans-tibial amputation at the Dallas Veteran's Administration Hospital between June, 1983 and October, 1991 , . (Volpicelli et al., 1983 (1981) were not used because of the availability of the simplified system by Volpicelli et al. (1983) . Scores were recorded by either the therapist who was following the patient during in-patient or out-patient therapy or by the physician director of the amputation programme.
Data were analyzed using the Statistical Analysis System (SAS) software by an independent statistician who was not involved correlation was used to determine linear relationships between pre and post-amputation mobility scores, number of medical problems, and age at amputation.
Paired multiple conclusions using the Krushkal-Wallis analysis were performed and significance was determined by the Student-Newmans-Keuls procedure. Association between mobility scores and presence or absence of each medical problem was with-data collection. The Spearman rank determined with Mantel-Haenszel test. 
ReSults
Ages of the veterans in this study ranged between 25 and 89 years, with a mean age of 58 years and a standard deviation of 11 years ( Table 2) . Age at amputation and number of medical problems were correlated with an r value of +0.28 (pd.002) indicating that as patients grow older, they have greater numbers of medical problems.
A negative correlation was found between age at amputation and post-amputation mobility score (r-value of -0.46, p=O.OOOl), indicating that elderly patients did poorer in terms of ambulation than younger patients ( Table 3 ). In the multiple correlation analysis, age at amputation influenced post-amputation mobility scores, decreasing scores by 0.04 for each year over age 25. Age and pre-amputation scores were correlated with an r-value of -0.25, but this did not reach statistical significance. Reasons for the lack of significant correlation between age and pre-amputation mobility score may be that older patients may have greater morbidity or mortality due to the amputation surgery itself.
Number of medical problems
The number of medical problems ranged from zero to four, with a mean of 1.75. Table 4 lists the number of patients with zero, one, two, three, or four medical problems, their mean age, and mean post-amputation scores. The average years, compared to 60 years in patients with one, two, or three medical problems, and 66 years in patients with four medical problems. h e and post-amputation scores in the zero medical problem group were at least one grade higher than all other groups. Mean postamputation score for patients with one, two or three medical problems was the same, 4.5. The Spearman correlation coefficient of number of medical problems and post-amputation mobility scores had an r value of -0.23, pd.01. A negative but not significant correlation ( d . 1 8 ) was found for the number of medical problems and pre-amputation mobility score. In multiple regression analysis, the number of medical problems was not an independent predictor of post-amputation mobility score ( Table 5 ).
Mobility score
The mean pre-amputation mobility score was 4.61, tabulated for the 54 patients who had this score listed. The mean post-amputation mobility score was 4.65, but this was calculated using all 120 patients. R e and post-amputation mobility scores were highly correlated, with an r value of 4.52, p=O.OOOl. This demonstrated that most patients were able to maintain or improve their mobility after amputation. (Table 2) .
Selected medical problems
Individual medical problems were analyzed for influence on either pre or post-amputation mobility scores, and on differences between the pre and post scores. Only two of the seven medical problems showed individual influence on mobility, and three other medical problems showed influence on mobility, and three other medical problems showed influence when in combination with other medical problems ( Table 5 ). The number of patients with each medical problem is listed in Table 6 . The total exceeds 120 because some patients had multiple medical problems.
Cardiac disease
Cardiac disease was listed as a medical problem for 31 patients. In multiple correlation analysis, this condition negatively influenced mobility, lowering the post-amputation scores by 1.26.
Diabetes mellitus
The presence of diabetes lowered postamputation mobility scores by 1.76. Not surprisingly, the combination of cardiac disease and diabetes had a negative influence on mobility. An additive effect might have been expected, but the combination had nearly the same effect as having either diabetes alone or cardiac disease alone (r=-l.23, p=0.004).
Cardiovascular accident (CVA)
There was a significant difference in postamputation mobility scores between patients with and without CVA. The mean score of patients with stroke was 3.3, while the mean score of patients without stroke was 4.8. The Mantel-Haenszel calculation shows a clear trend to higher scores among patients without CVA. In this calculation, 63% of patients with a score of one did not have CVA, whereas 96% of patients with score six were patients without CVA. No associations were noted between side of CVA and side of amputation or CVA prior to or following amputation among this patient population.
Peripheral vascular disease (PVD)
PVD alone had no demonstrable impact on ambulation. However, peripheral vascular disease and diabetes together reduced postamputation scores by 0.96 (pd.031). When analyzed in combination with CVA, PVD was shown to decrease mobility scores by more than four.
Chronic obstructive pulmonary disease (COPD)
Separately, COPD did not influence mobility scores. In the Mantel-Haenszel calculation a trend to lower scores was found in patients with COPD when compared to those without this disease. Among patients with pre-amputation mobility score 1, 67% were without COPD. Among patients with pre-amputation mobility score 6, 95% were without COPD. The validity and utility of this finding is unclear, since only 5 patients had the disease. An unexpected finding was that the combination of both peripheral vascular disease and COPD lowered the pre-amputation mobility scores.
Cause of amputation
Chart data was summarized into four possible causes of amputation: trauma, peripheral vascular disease associated with or without diabetes, and infection. Table 7 tabulates the number of patients with each cause. The total is greater than 120 because some patients had multiple causes listed. All diabetic patients for whom infection was a stated cause of amputation were assumed to also have peripheral vascular disease and this cause was added to their data. Cause factors dropped out of the multiple correlation, showing no influence on mobility.
Discussion
It is well known that younger amputee Steinberg et al., 1985; Siriwardena and Bertrand, 1991) . Brodzka et al. (1990) noted that non-ambulatory patients had a large number of medical problems and that these were more likely than ageing, to have an effect on ambulation. This was true at all levels of amputation. In this study as age increased, so did the number of medical problems. Even though pre and post-amputation scores were positively correlated, it is the post-amputation score alone that showed statistical significance in relation to age and number of medical problems. It is probable that patients with lower pre-amputation scores have a higher mortality associated with their surgery.
Otteman and Stahlgren (1965) noted serious medical problems in 71% of the patients studied, and that they had a pen-amputation mortality double that of healthier subjects. Ambulation scores in the present study may be higher than expected since selection criteria for patients included referral for prostheses, thus omitting patients in poor health who were thought not to be potential ambulators.
There was no relationship between cause of amputation and the variables of age, number of medical problems, or mobility. The reason for this may be that the categories selected may be too broad, thus making the variability within each category too great for mobility trends to be found.
Several reports have found that coronary artery disease affects walking of amputees (Couch er al. 1977; Moore et al., 1989; Reyes et al., 1977; Steinberg et al., 1985) . A study of trans-femoral, trans-tibial and bilateral transtibial amputees, noted that the incidence of cardiac disease was nearly equal in ambulatory and non-ambulatory patients (Steinberg et al. , 1985) . There was also an influence on ambulation among trans-femoral and bilateral trans-tibial amputees, but not on unilateral trans-tibial amputees. Weiss et al. (1990) reported that amputees with multiple diseases and extensive atherosclerosis were less likely to walk.
There has been no uniformity regarding functional success for prosthetic rehabilitation. Thornhill et al. (1986) defined success as prosthetic use three times per week whereas Couch et al. (1977) regarded successful prosthetic rehabilitation as prosthetic wear greater than 25% of waking hours.
One of the difficulties of evaluating groups of patients from the literature is that most studies have included bilateral amputees as well as trans-femoral and trans-tibial amputee patients. However, in most of the studies where concomitant medical problems are documented, the reawns for failure to use a prosthesis include debility, dementia, stroke and cardiac problems.
It is well accepted that traumatic amputees in general have better functional outcome. Moore et al. (1989) noted that non-ambulatory patients were 15 years older than prosthetic users who were 57.1 years on average. Patients who were regarded as prosthetic failures were much older.
In their study only two-thirds of the trans-tibial amputees were prosthetic users. Some reports have not found an association between diabetes mellitus and the ability of the amputee to walk. The patients in the study reported here showed significantly decreased ambulation in the presence of diabetes mellitus. The combination of diabetes with cerebrovascular accident or peripheral vascular disease was associated with lower mobility scores. One explanation would be that these diabetic patients were poorly controlled or had complications from the diabetes that negatively influenced there ability to walk.
There are conflicting reports about the influence of stroke on patient mobility. However, it would appear that if the amputee patient was ambulatory before the stroke, then continued mobility was possible (Siriwardena and Bertrand, 1991; Varghese et d., 1978; O'Connell and Gnatz, 1989) . No trends were noted in patients in this study, most probably due to the low number of strokes in this group.
Chronic obstructive airway disease alone did not appear as an influence on mobility, in the multiple correlation analysis. Patients with pulmonary disease did show a trend toward lower ambulation scores when compared to patients without COPD.
Although this study did not address the presence or absence of psychological problems, it has been shown that patients with cognitive deficits or covert psychiatric illness are severely hampered in the rehabilitation potential (Pinzur el al., 1988) .
Conclusion
A retrospective chart review of the ambulation of 120 trans-tibia1 amputees, revealed several factors to be related to postamputation walking. Older patients had more medical problems and poorer ambulation. Regardless of age, patients with more medical problems had poor ambulation. Coronary artery disease, diabetes mellitus, cerebrovascular disease, and the combinations of diabetes and cerebrovascular accident, diabetes and peripheral vascular disease, and cerebrovascular accident and peripheral vascular disease negatively influenced ambulation. The cause of amputation did not influence mobility scores.
